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ABSTRACT 
Softness is a unique selling point for luxury fibres such as alpaca. However, there is very little 
objective data on the softness of animal fibres. This study first establishes that the resistance to 
compression (RtC) behaviour of alpaca and wool fibres is quite different, and that the RtC 
method can not be used to examine the softness of different animal fibres. It then reports a 
new method for evaluating fibre softness. This method is based on the measurement of the 
force required to pull a fibre bundle through a series of parallel pins. This force, reflecting the 
combined effect of fibre surface properties, fibre diameter and rigidity, can achieve reasonable 
discrimination between fibres of varying levels of softness, such as alpaca and wool. 
Mechanisms responsible for the superior softness of alpaca fibres are discussed also. 
 
1. INTRODUCTION 
Softness plays a more important part in influencing consumers’ decision on whether or not to 
purchase a textile item than perhaps any other fibre attributes. While there are routine 
measurements for other fibre attributes such as diameter, no objective test method for alpaca 
fibre softness is available. Studies on the softness of wool fibres have used either subjective 
assessment [2, 4, 7, 8] or the more objective Resistance to Compression (RtC) measurement 
[3, 8]. The measured raw wool parameter of RtC is believed to be an indicator of the 
subjectively assessed handle of scoured wool in loose fibre form [5, 6] and has been used to 
describe the softness of wool. Wool of a high RtC value is regarded as being harsher [1, 4]. 
 
Resistance to compression is defined as the force per unit area required to compress a fixed 
mass (2.5g) of fibres to a fixed volume of 23.56 cm3 (a Φ50×Η12mm cylinder) (AS 3535-
1988). With a fibre density of 1.31g/cm3 for wool and alpaca, the mass of 2.5g fibre takes up a 
space of 1.91 cm3, which is less than 8% of the cylinder space. Therefore, the bulkiness of 
fibre mass should play a more important role than the fibre mass itself in resistance to 
compression behaviour. The curvature of alpaca fibre is much lower than wool. For fibres in 
the diameter range of 15-40µm, the curvature ranges are 50-15º/mm for alpaca fibre and 125-
58º/mm for wool [9]. Therefore, alpaca fibre should have a low RtC value due to the low fibre 
curvature, which translates into low bulk for a given mass and hence reduced resistance to 
compression. Does this mean that the RtC value can truly reflect the softness difference 
between alpaca and wool? The answer is no based on our recent research, as reported below.  
 
2. EXPERIMENTAL 
Wool and alpaca samples were randomly selected from sale bales and were scoured, dried and 
conditioned under identical conditions. Resistance to compression tests were conducted 
according to standard test procedures.  
 
In order to find an alternative means of objectively evaluating fibre softness, a new testing 
system was developed. Figure 1 shows a schematic diagram of the new testing system for 
softness measurement. A Lloyd material testing instrument (LR30K type) was employed to 
pull the test specimen, in form of a fibre bundle, at a speed of 300mm/min. A load cell was 
attached to the crosshead to sense the pulling force. The force signal was acquired by a 
computer system and computed into the specific pulling force (cN/Ktex) - dividing it by the 
linear density of each test specimen.  
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Figure 1: Schematic Experimental Set-up for Fibre Softness Measurement 
 
After the RtC and pulling force measurements, the fibre bundle specimens were relaxed for up 
to 48 hours. The relaxed specimens were then used to measure the fibre diameter on an OFDA 
instrument. The Specific pulling forces of a smooth copper wire of 90μm in diameter and 
alpaca and wool yarns of Nm11/2 were also measured for comparison.  
 
3. RESULTS AND DISCUSSION 
 Effect of Fibre Diameter on RtC 
Figure 2 shows the changes in RtC with mean fibre diameter for both alpaca and wool fibres 
[9]. For wool fibres, RtC decreases as the mean fibre diameter increases. This result does not 
support previous findings that wool of a high RtC value is generally harsher [1, 4]. For wool, a 
higher RtC means a lower mean fibre diameter according to Figure 2. We also know that finer 
wool is usually softer [8], not harsher. For alpaca fibres there is a very weak correlation 
between RtC and mean fibre diameter, even though finer alpaca fibres will be softer than 
coarser ones. Therefore, RtC is not an adequate means of evaluating the softness of different 
animal fibres.  
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Figure 2: RtC versus Mean Fibre Diameter for Alpaca and Wool Fibres 
 
The good correlation between RtC and diameter of wool is probably a reflection of the good 
correlation between RtC and fibre curvature, as indicated in Figure 3 [9]. For alpaca fibres, 
curvature values fall within a very narrow range and there is no correlation between RtC and 
curvature for alpaca fibres. 
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Figure 3: RtC versus fibre curvature for wool and alpaca fibres 
 
These results indicate that the RtC behaviour for alpaca and wool is quite different, and RtC 
test is not suitable for measuring fibre softness. A different test method is needed. 
 
 Specific Pulling Force as a Measure of  Fibre Softness 
The specific pulling force profiles are quite different for different fibre types as well as for the 
same type of fibres of different diameters, as shown in Figure 4 [9]. The finer fibre has a lower 
specific pulling force and alpaca fibre has a lower specific pulling force than wool of the same 
micron. Figure 4 also indicates that different specimens have different displacements, which 
reflects the variations in fibre curvature. The general trend is that fibres of a lower curvature 
have a larger displacement. 
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Figure 4:  Profiles of Specific Pulling Force for Alpaca and Wool Fibre Bundles 
 
Figure 5 shows specific pulling force versus mean fibre diameter [9]. Each data point 
represents the average specific pulling force in the region of 10-20mm of the displacement, 
since within this region, the specific pulling force is relatively stable. It can be seen that both 
alpaca and wool fibre pulling forces increase with the fibre diameter. To achieve the same 
level of specific pulling force of an alpaca fibre, the wool fibre should be around 12μm finer 
than the alpaca fibre. It is interesting to note that the linear regression line for the alpaca fibres 
appears parallel to that for wool fibres, suggesting that this test method may be able to reveal 
the intrinsic difference in softness between different animal fibres. 
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Figure 5: Relationship between Fibre Diameter and Specific Pulling Force 
 
3.3 Specific Pulling Force of Different Materials 
Figure 6 shows a comparison of the specific pulling forces for different materials. Considering 
the fact that Suri fibre is softer than Hucaya for a given fibre diameter and alpaca fibre is 
softer than wool fibre even when alpaca fibre is coarser than wool, the results in Figure 6 (left) 
do suggest that the specific pulling force measurement can reflect the softness of fibres. As a 
further verification, Figure 6 (right) shows the specific pulling force of a 90μm copper wire in 
comparison with that of much softer wool and alpaca yarns. The stiffer copper wire has a 
specific pulling force that is about 10 times higher than that of the alpaca and wool yarn 
samples, even though it has a much smoother surface than the alpaca and wool yarns.  
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Figure 6:  Specific Pulling Force of Different Materials 
 
3.4 Mechanisms Responsible for Fibre Softness 
The superior softness of alpaca fibres may be explained by a number of factors. First, alpaca 
fibres have a much smoother surface than wool fibres, as shown in Figure 7. 
(a) Wool fibre   (b) Huacaya alpaca fibre 
Figure 7: Scale profile of a wool fibre (a) and an alpaca fibre (b) 
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Second, the internal structure of alpaca and wool is somewhat different.  Figure 8(a) shows a 
SEM photo of a dark brown Huacaya alpaca fibre sliced for observation along fibre length. A 
similar photo, under a higher magnification, is given for a brown Huacaya alpaca fibre in 
Figure 8(b). Numerous minute granules are present inside the alpaca fibre structure. The wool 
samples do not have these granules. Do these granules contribute to the flexibility and softness 
of alpaca fibres? Interestingly, white Huacaya and Suri alpaca fibres do not appear to have 
these minute granules inside the fibre structures. So how do we explain the superior softness 
of the Suri and white alpaca fibres? Further research is still needed to answer these questions. 
    
(a) Dark brown alpaca  (b) Brown alpaca 
Figure 8: Internal structures of dark brown (a) and brown (b) Huacaya alpaca fibres 
 
4. CONCLUSIONS 
This study has demonstrated the difference between wool and alpaca fibres in their resistance 
to compression (RtC) behaviour. The current RtC test method is not suitable for quantifying 
the softness of animal fibres. The force required to pull a bundle of fibres through a series of 
parallel pins can achieve good discrimination between fibres of varying levels of softness. 
Further research is still required to verify and simplify this test method, and to explain exactly 
why some animal fibres are softer than others.  
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